Due to the increased use of high intensity ultrasonic devices, there is now a greater risk of worker exposure to ultrasonic radiation than there was in the past. Exposure to high power ultrasound may produce adverse biological effects. High power ultrasound, character-_ ized by high intensity outputs at frequencies of 20-100 kHz, has a wide range of applications throughout industry. Future applications may involve equipment with higher energy outputs. Contact ultrasound,
INTRODUCTION
Ultrasound has been virtually ignored as a potential hazard by the industrial hygiene community.
In the past this may have been due to the low power output of ultrasonic devices and the small number of workers with a potential for exposure. However, since the late 1960's there has been a sharp increase in the production and use of industrial demonstrated that identical lesions can be produced by direct ng by passing an electrical current through an implanted resistwire. A threshold temperature must be exceeded before any irreble damage will be seen. This threshold temperature is inversely related to the log of the exposure time, varying from 66.5°C for a 0.3-second exposure to 43°C for a 900-second exposure in the mammalian brain. (7, 8, 9) 
Mechanical Disruption
When an ultrasonic field impinges on an object with a density different from the surrounding medium, a force called radiation torque will be exerted on the object. '11) An ultrasonic wave with a frequency of 1 MHz can produce tissue displacement ranging from 18-1,800A
and acceleration ranging from 1,400-740,000 g's. Ultrasonically induced shearing stresses cause stretching, twisting, and rupturing of biological membranes. These shearing stresses have been implicated as a mechanism for inducing biological damage. (1) Mammalian brain lesions are characterized by an immediate loss of nerve electrical activity, a ten-minute development period before the lesion is histologically visible, and the appearance of lesions at the focus of the ultrasonic waves. White matter is more sensitive than gray matter. (7, 10) 3. Cavitation
Alternating phases of rarefaction and compression result in dense zones of gas bubbles that grow and collapse. Bubbles grow during rarefaction and then collapse during compression to produce an expanding shock wave (3, 7, 8, 12 Figure 1 . (13, 14) Higher absorption coefficients are found in skin, tendon, and bone; these tissues will be heated at a faster rate than soft tissue. Bone in particular can produce very high local temperatures when subjected to ultrasound. In addition, bone produces a shadowing effect so that distal tissues remain cool. (13, 14) Proteins are largely responsible for absorption of ultrasonic energy by biological tissues at the molecular level. Individual molecular constituents display a range of absorption coefficients dependent on pH and molecular integrity. 14 A proton-transfer mechanism has been postulated to explain the observation that absorption peaks occur at both high and low pH values. Blood circulation is an important factor in determining the heating effect of ultrasound ; efficient circulation will minimize spot heating (15, 16) .
Ultrasonic exposure can occur from direct contact with a solid or -liquid medium, or through the air. However, ultrasound is transmitted much more efficiently through a solid or liquid medium than through air ( The high exposure level produced detectable damage immediately, whereas the lower exposure level required several days for damage to appear.
The lower intensity produced a 2°C rise in temperature, to 39°C, while the high intensity exposure produced intrascrotol temperatures of 47-50"C.
In addition to thermal effects, cavitation could have produced damage at the higher intensity. (30) Teratology Female mice were exposed to 2.0 or 2.5 W/cm2 of ultrasound (at 1 MHz) for a period of three minutes on the eighth day of gestation.
Exenchalies, an anomaly not found in normal or control animals, were
determined that produced in irradiated fetuses.
there was a significant reduction in litter size for female mice irradiated with a 2 mm diameter beam at an intensity of greater than 45 W/cm2. (32) In addition, a significant rise in abnormalities concomitant with a reduction in average pup weight was seen when pregnant mice were irradiated with a beam intensity of 50 W/cm2 or greater. Lele(31) states that a 2.5°C temperature increase can be produced in anesthetized mouse fetuses in situ when using an ultrasound --beam of 2.7 MHz and 200 mW/cm2 and exposure times of 30 minutes or more. It is further stated that such hyperthermia, produced during fetal organogenesis, would be sufficient to produce an excess of abnormalities . Systemic hyperthermia, 2.5-5.O"C, for one hour or longer during fetal organogenesis (rat, guinea-pig, sheep) produced a number of teratological effects including fetal resorption, growth retardation, exencephaly, tail defects, limb defects, and palate defects (see Table- should be placed at the entrance to any area which power ultrasound equipment or applied to each such device with appropriate precautionary statements for safe use. Table 2 ). (62) However, powerful industrial ultrasonic equipment may be able to produce relatively high ultrasound intensities for short distances around equipment. 
